The implicit Euler scheme of time variable and discrete exterior calculus can be united to find an unconditional stable approach, which is called implicit discrete exterior calculus. This technique for solving Maxwell's equations in time domain is discussed, which provides flexibility in numerical computing on manifold. For some problems, it takes much less computational time to use the implicit method with larger time steps, even taking into account that one needs to solve equations at each step. This algorithm has been implemented on Java development plateform for simulating TE/M waves in vacuum.
Introduction
The Yee scheme is a commonly employed approach to model wave propagation problems in the time domain. It is proved to be very efficient [1] [2] [3] [4] [5] [6] [7] [8] .
Although it is not a high order method, it is still preferred for many applications because it preserves important structural features of Maxwell's equations. With discrete exterior calculus(DEC) [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , this scheme can be generated to compute on manifolds [20] [21] [22] [23] . In order to facilitate the numerical calculation, the manifolds should be approximated by proper simple complex.
In applied mathematics, explicit and implicit methods are used in computer simulations of physical processes. This paper examines to which extent the implicit scheme and DEC can be united to find an unconditional stable approach, which is called implicit discrete exterior calculus(IDEC). For some problems, it takes much less computational time to use the implicit method with larger time steps, even taking into account that one needs to solve equations at each step. IDEC reduces to the implicit Yee scheme, if choosing rectangle mesh for Euclidean space, and reduces to the scheme given by J. Keräen et al [8] , if choosing tetrahedral mesh for 3D Euclidean space.
Preliminaries
Considering the prism lattice M × Z, The cells constitute by
The spacetime can be discretized by prism lattice, which has two kinds of 2-cells:
Now we choose the gauge group R(the Lie algebra of U(1)) for electromagnetism: that the discrete connection A assigns to each edge in the lattice an element of the gauge group:
where E is the set of all 1−cells or edges.
Let A i be the connection form on edge ∆ i and A = E A i . Discrete curvature 2−form is the discrete exterior differential [15] on the sum of discrete connection 1−forms:
Let J be the discrete current 1−forms and the Lagrangian be
where * is the discrete Hodge star on discrete manifold. The Hamilton's principle of stationary action states that this variation must equal zero for any such vary of A i , implying
Finally, substituting δ = * −1 d T * and F = dA and recalling that
The Eqs.(1-3) are called discrete Maxwell's equations, which are invariant under gauge transformations A → A + df for any 0 forms or scalar function f on vertex.
IDEC for Maxwell's Equations
Now, we induce the IDEC for Maxwell's equations. Since the time and space considered in this paper are split, the discrete curvature form for IDEC should be written as
where B(t) := B i (t)P i and P i be the form on space. 
Operator d T can also split as d T s and
The smooth counterpart of Eqs. (4, 5) are
On the 2D discrete manifold, let
Since the dimension of space is 2, so d s B = 0 and d T s D = 0, the rest equations based on Fig.2 arē
where the summation on the right is orient, that is to say, inverse the orientation of e i , then multiply −1 withĒ i .
Eqs. (6, 7) are the IDEC on 2D discrete manifold as the space, which can be implemented on discrete manifold directly(see Fig.1 ).
Eqs.(6,7) can be recombined as following two equations.
In order to simulate the TE/M waves in infinite area, we use the implicit Mur's second absorbing boundary by adding two layers of rectangular girds to the domain. If the boundary of the domain is not rectangular, it should add a boundary to the domain, making the boundary of the new domain be a rectangular. We have successfully implemented IDEC in Java for simulating TE/M wave in vacuum. We use ANSYS for domain descrization and MTJ [24] for sparse matrix solving.
All the simulation was carried on a computer with 3.4G CPU and 2GB of memory. For example, the speed of simulation for Fig.3 and Fig.4 is about 50 frames/second(not include the rendering time).
Comparison with DEC
Stability Eqs.(8) can be written as
Considering the perturbationĒ i (t+∆t)+δ i (t+∆t),H 1 (t+∆t)+δ(t+∆t) andH 1 (t) + δ(t), we get Efficiency Implicit methods are used because many problems, for which the use of an explicit method requires impractically small time steps to keep the error in the result bounded. For such problems, to achieve given accuracy, it takes much less computational time to use an implicit method with larger time steps, even taking into account that one needs to solve an equation at each time step. In order to keep the stability, DEC also requires small the time step. But there is no restriction for IDEC to keep the stability. In this paper, the time-step of IDEC is the time-step of DEC in 60 times. Using this time-step, IDEC can generate the proper simulation results. Whether one use DEC or IDEC depends upon the problem to be solved. Accuracy IDEC has first-order time accuracy, and DEC has secondorder time accuracy. Since using the triangular mesh for space, the accuracy on space for both case can not be defined as the rectangle mesh. But both schemes have their own virtue-computing on discrete manifold. This virtue is not hold by Yee scheme, which has second-order space accuracy on Euclidean space. Although it is unconditionally stable, IDEC introduces numerical dissipation. The energy is artificially damped, rather than wellconserved as with DEC. 
